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Title of the Invention D-991 
TWO-DIMENSIONAL ARRAY TYPE RADIATION DETECTOR 



Background of the Invention and Related Art Statement 
5 The present invention relates to a panel type X-ray solid 

detector, and especially, the invention relates to a two- 
dimensional array type radiation detector used for a multi-slice X- 
ray CT apparatus or a cone beam X-ray CT apparatus. 

In an X-ray CT apparatus, X-ray is irradiated from an X-ray 
lbfi tube, and concentrated into a fan-shaped X-ray beam by a collimator 
:Lj at a radiation port, and the X-ray tube, the collimator in an arc 
^ shape disposed to face the X-ray tube and the detector are rotated 
| HI around a subject to be detected. Then, the detector captures 
; = information of X-ray which has passed through the subject so that 
15f signals thereof are processed by a computer to obtain the X-ray 

H tomograph image of the detected subject. 

o 

O The detector has a structure such that approximately 500 to 

1000 channels of X-ray detecting elements, each of which is formed 
of a scintillator element for converting X-ray into light and a 

20 photodiode for detecting the light converted by the scintillator 
element to output as the electric signal, are arranged in an arc 
shape around the X-ray tube. 

From the viewpoint of the mechanical arrangement upon 
manufacturing, 8 to 30 pieces of a combination of the scintillator 

25 and photodiode adhered optically are arranged on the base plate to 
constitute one module, and the above detector modules are arranged 
continuously on a circumference in an approximately arc shape and 
combined with the collimator to form the solid detector for CT. 



The conventional radiation detector is structured as described 
above. Since only one slice of the tomograph image is obtained in 
the detector arranged one-dimensional ly in a channel direction (a 
direction perpendicular to a body axis of the detected subject) , it 
is required to scan many times in order to obtain the multi-layered 
tomograph images. In order to obtain the many slice data at once, 
there has been considered a two-dimensional array type radiation 
detector in which X-ray detecting elements are arranged not only in 
the channel direction but also in a slice direction (a body axis 
direction of the detected subject) perpendicular to the channel 
direction, and a detector, which is used together with a cone beam 
X-ray tube to collect multi-slice data with a minute slice pitch in 
a short time, has been expected. 

This two-dimensional array type radiation detector is formed 
of an X-ray converting film which normally converts X-ray into 
light; photodiode arrays arranged in a matrix form right under the 
X-ray converting film; and switching elements connected to the 
respective photodiode arrays. There are two types of the two- 
dimensional array type radiation detector. Namely, a first type is 
a detector in which the switching elements are sequentially turned 
on after irradiation of the X-ray, so that signal charges stored in 
the respective pixels are read out to form the X-ray image. A 
second type is a detector which has a radiation sensor array formed 
of a converting film directly outputting a charge signal 
corresponding to an incident amount by responding to the radiation, 
and switching elements connected to electrodes arranged in a matrix 
form arranged right under the radiation sensor array, wherein the 
respective switching elements are sequentially turned on at the 



time of irradiation, so that the signal charges stored in the 
respective pixels are read out to form the X-ray image. Here, the 
first type will be explained. 

Fig. 4 shows a detection circuit of the first type of the two- 
dimensional array type radiation detector. In the detector, 
scintillators 11 for converting X-ray into light are formed 
uniformly on a front surface of the detector, and on a rear surface 
of each scintillator, photoelectric conversion elements 1, such as 
photodiodes, which convert light into electric signal, are arranged 
in an array in order vertically and horizontally. Then, switching 
elements, such as FETs 2, are formed to forjn pairs with the 
photoelectric conversion elements 1 , and terminals of sources 5 of 
the respective FETs 2 are connected to the photoelectric conversion 
elements 1. Terminals of gates 3 of the respective FETs 2 are 
connected to gate bus lines in a horizontal direction, and 
terminals of drains 4 of the respective FETs 2 are connected to 
data bus lines 7 in a vertical direction. A gate driver section 8 
and a data collecting section 9 are controlled by a control section 
10, and pulse signals from the gate driver section 8 are outputted 
to the gates 3 of the FETs 2, sequentially from the upper side to 
the lower side through the gate bus lines 6 formed in the 
horizontal direction. Picture charge signals stored in the 
photoelectric conversion elements 1 are read out from the sources 
5 to the drains 4, and taken into the data collecting section 9 
from the data bus lines 7 formed in the vertical direction. Then, 
the picture data signals which are taken are outputted to an 
outside from the data collecting section 9. 

Fig. 5 shows a sectional structure of the two-dimensional 



array type radiation detector. In the detector, the scintillator 
11, photoelectric conversion elements 1 (a-Si:H PDA or the like) 
and switching elements (a-Si:H FET 2 or the like) are formed on a 
base plate 13. The gate bus lines 6 are formed on the base plate 
5 13, and the electrodes of the gates 3 of the FETs 2 are laminated 
on the gate bus lines 6. Then, the FETs 2 as the switching 
elements are formed orderly side by side. Also, the data bus lines 
7 on an insulation 16 are laminated on the electrodes of the drains 
4 of the FETs 2. And, the gate bus lines 6 situated in the lower 
10% layer and the data bus lines 7 situated in the upper layer are 
arranged perpendicular to each other with the insulation 

J": therebetween. Then, the photoelectric conversion elements 1 are 

i -'i 

m formed orderly side by side on the electrodes of the sources 5 of 
s the FETs 2. The scintillator 11 is formed on the entire upper 
15" surfaces of the photoelectric conversion elements. 

=4 The conventional two-dimensional array type radiation detector 

q is structured as described above. In case the two-dimensional 
array type radiation detector is applied to the cone beam X-ray CT 
apparatus, a matrix size of the detector ranges from 512 x 512 to 
20 2,048 x 2,048, and an outside size of the detector is of a square 
with one side of 200 mm to 300 mm, so that the size of the detector 
can not respond to the size required in the cone beam X-ray CT 
apparatus, for example, 1,000 mm x 200 mm. Also, even if the four 
detectors respectively having a size of 300 mm x 300 mm are 
25 connected to have the size of 1,200 mm x 300 mm, the gate bus lines 
6 are arranged perpendicular to the data bus lines 7 such that the 
gate driver section 8 for the horizontal scanning occupies one side 
and the data collecting section 9 for reading data occupies another 
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side, or in some cases, the gate driver section 8 and the data 
collecting section 9 occupy all the four sides. Thus, even if the 
detectors are arranged side by side in a traverse direction, since 
the electronic components, such as scanning circuits, are mounted 
5 in connection portions thereof, a large dead space is formed. 
Thus, the above arrangement is not practical* 

The present invention has been made in view of the foregoing, 
and an object of the invention is to provide a two-dimensional 
array type radiation detector, which has a large detecting surface 
lte with a two-dimensional array type required for the cone beam X-ray 
^ CT apparatus. 

Further objects and advantages of the invention will be 
apparent from the following description of the invention. 

153 Summary of the Invention 
% 4 To achieve the above object, the present invention provides a 

p two-dimensional array type radiation detector, which is formed of 
a converting layer for responding to radiation to output a charge 
signal corresponding to an incident amount; switching elements 

20 arranged in a matrix form right under the converting layer and 
connected thereto; a gate driver section for turning on the 
respective switching elements through gate bus lines at the time of 
reading out the signal; a data collecting section for reading out 
charge signals stored in respective pixels through data bus lines; 

25 and a control section for controlling the gate driver section and 
the data collecting section. The gate bus lines and the data bus 
lines are arranged parallel to each other in the spaces or 
intervals of the rows of the pixels. 



Also, in the two-dimensional array type radiation detector of 
the invention, one gate bus line and one data bus line are arranged 
in each space of the rows of the pixels* 

Further, in the two-dimensional array type radiation detector 
5 of the invention, the two-dimensional array type radiation detector 
constitutes one module, and a plurality of modules is connected at 
end surfaces where the gate bus lines and data bus lines are not 
formed. 

The two-dimensional array type radiation detector of the 
lte invention is structured as described above* In the detector panel, 
j>* the gate bus lines and the data bus lines are arranged parallel to 
each other in insensitive sections located between the respective 
■H; rows of the pixels; one gate bus line and one data bus line are 
situated in each space of the rows of the pixels; and a scanning 
15f circuit and signal take-out section occupy only one side out of 
four sides of the detector panel- Therefore, the entire detector 
O is structured by arranging a plurality of detector panels 
manufactured per module, so that the large two-dimensional array 
type radiation detector for the cone beam X-ray CT apparatus or the 
20 like can be manufactured* 

Brief Description of the Drawings 

Fig. 1 is a diagram showing an embodiment of a two-dimensional 
array type radiation detector of the invention; 
25 Fig* 2 is an explanatory view showing one module of the two- 

dimensional array type radiation detector of the invention; 

Fig. 3 is an explanatory view showing an embodiment of the 
detector used for a cone beam X-ray CT apparatus by combining 



modules of the two-dimensional array type radiation detector of the 
invention; 

Fig. 4 is a diagram showing a conventional two-dimensional 
array type radiation detector; and 

Fig. 5 is a sectional view showing a sectional structure of 
the conventional two-dimensional array type radiation detector. 

Detailed Description of Preferred Embodiments 

Hereunder, an embodiment of a two-dimensional array type 
radiation detector of the invention will be explained with 
reference to Fig. 1. Fig. 1 shows a detecting circuit of the two- 
dimensional array type radiation detector of the invention. 
Although the two-dimensional array type radiation detector is 
formed of the same components as in the conventional detector, the 
two-dimensional array type radiation detector of the invention is 
different in a wiring method of bus lines 6 in a scanning circuit 
and data bus lines 7 in a readout circuit on a detector panel; and 
the arrangements of a gate driver section 8 as an electronic 
circuit section, a data collecting section 9 and a control section 
10. 

In the detector of the embodiment, a scintillator 11 for 
converting X-ray into light is uniformly formed on a front surface 
of the detector, and on a rear side of the scintillator, 
photoelectric conversion elements 1, such as photodiodes, which 
convert light into electric signals, are arranged in an array in 
order vertically and horizontally. Then, switching elements, such 
as FETs 2, are formed to be paired with the photoelectric 
conversion elements 1, and terminals of sources 5 of the FETs 2 are 



respectively connected to the photoelectric conversion elements 1. 
Terminals of gates 3 of the FETs 2 are respectively connected to 
gate bus lines 6 in a vertical direction, and terminals of drains 
4 of the FETs 2 are respectively connected to the data bus lines 7 
5 in the vertical direction. 

The gate driver section 8 and the data collecting section 9 
are controlled by the control section 10. Namely , pulse signals 
from the gate driver section 8 are provided to the gates 3 of the 
FETs 2 by sequentially scanning at a point A, a point B, a point C 
1CN and so on (which continues further) as shown in the figure from an 
In upper side to a lower side through the gate bus lines 6, and 
*1\ picture charge signals stored in the photoelectric conversion 
!^ elements 1 are read out from the sources 5 to the drains 4 and 
!L taken into the data collecting section 9 through the data bus lines 
15=3 7 formed in the vertical direction. Then, the picture data signals 
which are taken are outputted to an outside from the data 
0 collecting section 9 . 

In this structure, the gate bus lines 6 and the data bus lines 
7 are arranged parallel to each other, and the gate driver section 
20 8 for horizontal scanning and the data collecting section 9 for 
reading occupy only one side of the detector panel. In this case, 
since the gate bus lines 6 are close to the data bus lines 7, 
noises are likely to be generated in the data bus lines 7. Thus, 
structurally, one gate bus line 6 and one data bus line 7 are 
25 arranged in one insensitive section row 15. 

Although there are portions where the gate bus lines 6 are 
overlapped each other as compared with the conventional detector 
panel, in the manufacturing step, as shown in Fig. 5, the gate bus 



lines 6 in a vertical direction are formed on a glass base plate 
13. Then, connecting points (point A, point B, point C and so on), 
where the gate bus lines in the vertical direction are connected to 
the gate bus lines 6 in a horizontal direction to be formed 
subsequently, are formed in pad forms to improve the connection. 
Thereafter, insulating films, such as SiN x , are formed at the 
portions where the gate bus lines 6 are overlapped each other. 
Then, the gate bus lines 6 in the horizontal direction are formed 
while being connected. Steps after this step are the same as in 
the conventional detector panel. 

Next, an embodiment of a large-sized two-dimensional array 
type radiation detector for a cone beam X-ray CT apparatus will be 
explained with reference to Fig. 2. The detector panel is 
manufactured as one module 14 in which pixels 12 are formed in a 
matrix structure as shown in Fig. 1. In the module 14, 64 ch x 128 
ch are formed on the single base plate 13. 128 ch in a vertical 
direction are divided in half so that 64 ch are formed on an upper 
half and 64 ch are formed on a lower half. The gate bus lines 6 
and the data bus lines 7 are arranged side by side in parallel 
vertically. The gate driver section 8a for the horizontal scanning 
and the data collecting section 9a are disposed at an upper side, 
and the gate driver section 8b for the horizontal scanning and the 
data collecting section 9b are disposed at a lower side. The 
matrix size thereof is 128 ch x 64 ch, and if each pixel is assumed 
to be a square of 1.5 mm, a dimension of the module is 192 mm x 96 
mm. 

When ten modules are connected as shown in Fig. 3, they 
constitute a two-dimensional array type radiation detector for a 



cone beam X-ray CT apparatus, which has the matrix size of 640 ch 
x 128 ch, and a module dimension of 960 mm x 192 mm. In this 
structure of connecting the modules in a row, it is possible to 
arrange the module surface to face the focusing direction of the X- 
ray tube. 

In the two-dimensional array type radiation detector of the 
invention structured as described above, one gate bus line and one 
data bus line are arranged parallel to each other at each 
insensitive section located between the respective pixel rows, and 
the gate driver section for the scanning circuit and the data 
collecting section for reading the signals occupy only one side of 
the detector panel. Therefore, a plurality of detector panels 
manufactured per module can be connected without having a dead 
space, so that the large two-dimensional array type radiation 
detector can be manufactured. Also, since the detector is 
manufactured per module, yield is excellent in manufacturing, and 
even if the detector breaks down, it can be repaired by replacing 
the broken module only. 

While the invention has been explained with reference to the 
specific embodiments of the invention, the explanation is 
illustrative and the invention is limited only by the appended 
claims . 
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What is claimed is: 

1. A two-dimensional array type radiation detector, comprising: 

converting layers for responding to radiation and outputting 
a charge signal corresponding to an incident amount to thereby form 
5 pixels, 

switching elements arranged in a matrix form under the 
converting layers and connected to the converting layers, 

gate bus lines and data bus lines connected to the switching 
elements and arranged parallel to each other in spaces of rows of 
lpC the pixels, 

^ a gate driver section connected to the respective switching 

elements through the gate bus lines for sequentially turning on the 
|4 respective switching elements at a time of reading signals, 
] a data collecting section connected to the pixels through the 

153 data bus lines for reading out charge signals stored in the 
Si respective pixels, and 

O a control section connected to the gate driver section and the 

data collecting section to control the same. 

20 2. A two-dimensional array type radiation detector as claimed in 
claim 1 , wherein one of said gate bus lines and one of said data 
bus lines are disposed in a space between two rows of the pixels. 

3. A two-dimensional array type radiation detector as claimed in 
25 claim 1, wherein the two-dimensional array type radiation detector 
constitutes one module, and a plurality of modules is connected at 
end surfaces where the gate bus lines and data bus lines are not 
formed. 

11 



4 . A two-dimensional array type radiation detector as claimed in 
claim 2, wherein said gate bus lines include line sections 
extending perpendicular to the data bus lines, one line section 
being connected to one gate bus line. 

5. A two-dimensional array type radiation detector as claimed in 
claim 4, wherein said data collecting section, gate driver section 
and control section are all located at one side of the converting 
layers . 
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Abstract of the Disclosure 

In the two-dimensional array type radiation detector, one of 
gate bus lines, which send scanning pulses from a gate driver 
section controlled by a control section to gates of FETs, and one 
5 of data bus lines, which transfer signals in photoelectric 
conversion elements to a data collecting section, are arranged 
parallel to each other to be disposed in one row of insensitive 
sections, respectively. The gate bus lines and data bus lines are 
taken out from one side of the detector panel, and the control 
lU) section, the gate driver section and the data collecting section 
j ;] are disposed at the same side of the detector panel. By connecting 
H a plurality of modules each being structured as stated above, a 
fU two-dimensional array type radiation detector having a large 

j : i; 

s detecting surface, which is required for a cone beam X-ray CT 

O 

15 apparatus, can be formed. 



13 



Fig.l 



15 Insensitive section 

■ _ _ P _ 1 Photoelectric 
pi conversion element 



11 Scintillator 




12 Pixels 



9 Data collecting 
section a 



8 Gate driver 
section 



10 Control 
section 



Fig. 2 



< A * 



f 



14 Module 



EEE 



EEE 



E 



E 



E 



\E 



8a Gate driver section 
9a Data collecting section 



13 Base plate 



6 4 c h 



64ch J 



1 2 8 c h 



<=i "* * 



9b Data collecting section 
■ 8b Gate driver section 



6 4 c h 



V5T 



Fig. 3(a) 



14a Module 



□ 

m 
m 

H 

ry 
ry 
u 

o 



12 8 
c h 



64ch x 10 Module = 640ch 



Fig. 3(b) 

14a Module 



f/r 



c 
<D 

E 

CD 
(D-— 

2c 



CD 
>< 

CL 

CM 



O 
-«— » 

J9 

c 
o 
CO 



co in 



H 
LU 

eg. 



Ph 



00- 



c 

s- O 
CD CD~ 

SIS 



9 


— 5~ 

i ' 


"1 














i • 




— 
— ^_ 












9^1 




Page 1 of 3 



Docket No. 
D-991 



Declaration and Power of Attorney For Patent Application 



As a below named inventor, I hereby declare that: 
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□ was filed on as United States Application No. or PCT International 

Application Number 
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1.56. 
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